The angular distribution of fast positrons scattered elastically by mercury nuclei is in vestigated in detail using Dirac's equations in conjimction with numerical tables provided by Bartlett & Watson for the corresponding fast electrons. The ratio of the scattered inten sity to that given by the Rutherford formula is obtained as a function of angle for positrons with energies between 25,000 and 1*7 x 10® eV. In all cases the ratio is less than unity, decreases with increasing angle of scattering and, in contrast to electrons, does not depend very markedly on the nuclear charge. The maximum asymmetry produced by double scat tering of positrons at 90° from mercury nuclei is less than 1 %.
The elastic scattering of fast positrons by heavy nuclei By H. S. W. M a s s e y , F.R.S.
(
.
R e c e i v e d6 J a n u a1 942)
The angular distribution of fast positrons scattered elastically by mercury nuclei is in vestigated in detail using Dirac's equations in conjimction with numerical tables provided by Bartlett & Watson for the corresponding fast electrons. The ratio of the scattered inten sity to that given by the Rutherford formula is obtained as a function of angle for positrons with energies between 25,000 and 1*7 x 10® eV. In all cases the ratio is less than unity, decreases with increasing angle of scattering and, in contrast to electrons, does not depend very markedly on the nuclear charge. The maximum asymmetry produced by double scat tering of positrons at 90° from mercury nuclei is less than 1 %.
It is suggested that experimental investigation of the scattering of fast positrons would be useful in assisting to resolve the present unsatisfactory situation in which there are a number of outstanding divergences between experimental and theoretical results relating to the scattering of fast electrons.
The theory of the scattering of fast electrons by the Coulomb fields of atomic nuclei was first developed by Mott (1929 Mott ( ,1932 . Using Dirac's equation, he derived an explicit formula for the scattered intensity, valid for light nuclei of charge such th at %nZe2jhc<^\. No corresponding formula can be obtained for scatte by heavy nuclei, but Mott carried out some numerical calculations for gold. In particular he determined the extent to which an electron beam is polarized by double scattering a t 90° by gold atoms. These numerical calculations have recently been greatly extended by B artlett & Watson (1940) for scattering by mercury nuclei. They derived in detail the angular distributions of the scattered electrons for electron energies ranging from 20,000 to 1*7 x 106 eV. Very marked deviations of these distributions from the forms to be expected in scattering' by light nuclei, clearly capable of experimental observation, were revealed. Cloud-chamber experiments have been carried out in mercury vapour by Barber & Champion (1938) using the /7-particles from radium E (0-6-M MeV energy). The angular distributions which they observed do agree in form with those calculated by B artlett & Watson, but the theoretical intensity of scattering is over 6 times th a t observed. This unsatisfactory result is by no means confined to this case. The considerable polarization (up to 16 %) on double scattering, predicted by Mott for gold and confirmed by B artlett & W atson's calculations for mercury, has never been observed, and conflicting results have been obtained in single scattering experiments in other gases and from foils. Thus, while Oppenheimer & Fowler (1938) obtained agreement with theory for the scattering of 5-17 MeV electrons by lead, Stepanowa (1937) found up to 30 times the theoretical scattered intensity for 1-5-3-0 MeV electrons scattered in nitrogen. Again, Klarmann & Bothe (1936) found only one-fifth of the theoretical scattering for 0*5-2-5 MeV electrons in xenon, in contrast to Sen Gupta (1939) who found agree ment with theory for 2 MeV electrons in the same gas. Similar marked discrepancies exist in inelastic collision phenomena involving electrons in this energy range, i.e. in the probability of emission of radiation and of pair formation. A summary of these has been given by Champion (1939) .*
In view of this position it becomes of special interest to investigate, both theoretic ally and experimentally, the scattering of positrons. For very light nuclei this should differ only slightly from th at of the corresponding electrons, but for heavy nuclei the change in sign of the Coulomb force can be expected, through the medium of spin-orbital interaction, to affect profoundly the form of the theoretical angular distributions. This is confirmed by a detailed calculation for mercury nuclei, the results of which we describe in this paper. I t is clear from these results th a t experi ments on positron scattering, which should not prove difficult now th at suitable positron sources are available, are likely to clarify the position considerably. For example, if it proves th at the shapes of the observed and calculated angular distribu tions for positrons scattered by mercury agree in the same way as do those for electron scattering, there will be strong evidence in favour of the validity of the theory for both particles in spite of any failure of the theory to reproduce the observed intensity-the presumption will be th at the observed rather than the calculated intensities are a t fault.
In deriving the theoretical results we have assumed th at the positron behaves, in the scattering phenomena, as a Dirac particle of positive charge, so the validity of this assumption can also be checked by comparison with observed results. The elastic scattering of fast positrons by heavy nuclei scattering in directions making angles between 6 and 6 + dd with the direction of incidence will be given by
where/, g differ from the corresponding quantities derived by Mott (1932) for electron scattering only in the replacement of + Z by -Z.
When a<^ 1 we have the approximate formula derived by Mott (1929) 
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This agrees with (6) when q<^ \ and 6 is small. When a and 6 are not small, numerical methods must be applied to the formulae (4) and (5). Owing, however, to the very slow convergence these series cannot be summed directly. As shown by Mott (1932) 
and by B artlett & W atson (1940) it is possible to write F = F0+F1} G = G0+
where F0 -^(sin \6)~2iqT (\ +iq)/r(l -iq), 
The percentage 'asymmetry to be expected on double scattering of the beam a t 90° is given by 200$, where 8 = {\f9 -9f\l(\fH \ 9 m f, g being calculated for 6 = 90°.
R esu lts a n d d isc u ssio n
In figure 1 the angular distributions of positrons scattered by mercury nuclei are illustrated for a variety of positron energies. These distributions are represented as the ratio 1(6)/R, where R = q2 cosec4 %0/k2 is by the ordinary Rutherford formula with allowance only for the variation of mass with velocity.
In contrast to electrons (Bartlett & Watson 1940 ) the intensity of scattered positrons is always less than th at given by the Rutherford distribution function R. Nevertheless the deviations from th a t formula are sufficiently marked to be observed easily experimentally. Figure 2 illustrates a comparison of various distribution functions I(6)/R for electrons and for positrons of 1*7 MeV energy, calculated by accurate theory and by use of certain approximations. I t is clear thajb there is a very marked difference in the distributions for the two particles. Further, the positron distribution does not differ very markedly from th at given by M ott's formula (6) with a = 0, despite the fact th at the term Tra/? cos2 \6 sin \0 is larger than the middle term except for large 6. This is probably due to the series, of which rnxfi cos2 \6 sin \6 is the first term, being an alternating one for positrons but not for electrons. The formula (7) tends to underestimate the positron scattering. Although it is not possible in practice to investigate the polarization produced by double scattering of positrons, it is of interest to note the contrast between the theoretical asymmetries for positrons and for electrons. This is illustrated in figure 3 in which our results for positrons as well as those computed by B artlett & W atson (1940) for electrons are given. I t will be seen th a t very little polarization is effected in a positron beam of any energy, compared with the possible maximum of 13 % for 120,000 eV electrons. This is because the repulsive field of the nucleus largely prevents close approach of the positrons so they do not come under the action of a force large enough to affect their spin orientation. On the other hand, electrons scattered by heavy nuclei do come under the action of a large force, there being a strong nuclear attraction tending to concentrate their density in the neighbourhood of the nucleus. The calculations of this paper were greatly facilitated by the availability of a copy of B artlett & W atson's tables for electron scattering, kindly sent to the author by Dr Bartlett.
